We present a scheme of remote preparation of the two-particle state by using two EinsteinPodolsky-Rosen pairs or two partial entangled two-particle states as the quantum channel. The probability of the successful remote state preparation is obtained.
Another important application of quantum entanglement is remote state preparation, where two spatially distant people Alice and Bob can prepare an quantum state known to Alice but unknown to Bob, with the aid of previously shared quantum entanglement and the classical communication. Recently, Pati [10] presented a protocol of remotely preparing a special ensemble of states. Lo [11] showed that remote state preparation requires less classical communication than teleportation for the special ensembles of states, but for general states the classical communication cost of teleportation would be equal to that of remote state preparation. Bennett et al. [12] studied the trade off between entanglement cost and classical communication cost in remote state preparation. Since then, some people have investigated various theoretical protocols about generalization of remote state preparation. Zhan [13] gave a scheme for preparing remotely a three-particle GHZ state. Huang et al. [14] put forward a protocol for preparing remotely the multipartite pure state. A scheme for preparing remotely a two-particle entangled state via two pairs of entangled particles was presented by Liu et al. [15] .
In this paper, we propose a scheme of preparing remotely the two-particle state. Two Einstein-PodolskyRosen pairs and two partial entangled two-particle states as the quantum channel are considered, respectively. The probability of the successful remote state preparation is calculated.
Let us first begin our remote state preparation with two Einstein-Podolsky-Rosen pairs as the quantum channel. We suppose that a sender Alice wants to help a remote receiver Bob to prepare a two-particle state in the following formation
where α and γ are real numbers, β and δ are complex numbers and β * δ is real, |α| 2 + |β| 2 + |γ| 2 + |δ| 2 = 1. We suppose that Alice knows α, β, γ and δ completely, but Bob does not know them at all. We also assume that the quantum channel shared by Alice and Bob is composed of two Einstein-Podolsky-Rosen pairs
where particles 1 and 3 belong to Alice while Bob has particles 2 and 4. In order to help Bob to remotely prepare a two-particle state stated in Eq.(1) on the particles 2 and 4, Alice must make a measurement on her two particles 1 and 3. The measurement basis chosen by Alice is a set of mutually orthogonal basis vectors {|ϕ 13 , |ϕ ⊥ 13 , |ψ 13 , |ψ ⊥ 13 }, where
Here {|00 13 , |01 13 , |10 13 , |11 13 } is the computation basis. Then we have
Thus if Alice performs a measurement in the basis {|ϕ 13 , |ϕ ⊥ 13 , |ψ 13 , |ψ ⊥ 13 } on her two particles 1 and 3, then each outcome will occur with the equal probability 1 4 . If Alice's measurement result is |ϕ ⊥ , then particles 2 and 4 will collapse into the state
After that if Alice communicates to Bob of her actual measurement outcome via a classical channel, then Bob will be able to apply the following unitary transformation
on his particles 2 and 4. The resulting state of Bob's particles will be the original state |φ . Likewise if the actual result of Alice's measurement is |ψ ⊥ 13 , then Bob gets the state
When Bob received the classical information of the actual measurement result sent by Alice, he can perform an appropriate operation
on his particles 2 and 4 to obtain the state |φ . So when these two measurement outcomes happen, Alice can help Bob to remotely prepare the two-particle state |φ . However, when the measurement outcome is |ϕ 13 (|ψ 13 ), the remote state preparation can not be successful, as the state of the particles 2 and 4 will be (α|00 + β
. Because Bob does not know the coefficients α, β, γ and δ at all, he cannot transform either the state (α|00 + β * |01 + γ|10 + δ * |11 ) 24 or (γ|00 + δ * |01 − α|10 − β * |11 ) 24 into the state |φ . But, if α, β, γ and δ are real numbers, the situation would be changed. When Alice's measurement result |ϕ 13 or |ψ 13 occurs, it is not difficult for Bob to prepare the two-particle state |φ by performing the suitable unitary operation determined by the outcome of Alice's measurement. Here we omit the concrete steps.
Now, we present a scheme for preparing remotely a two-particle state via two non-maximally entangled states. Suppose that Alice still wishes to help Bob to prepare remotely the state |φ in Eq.(1), but the two entangled states shared by Alice and Bob are two nonmaximally entangled states
where the parameters a, b, c and d are real numbers, |a| 2 + |b| 2 = 1, |c| 2 + |d| 2 = 1, and |a| ≤ |b|, |c| ≤ |d|. We also assume that the particles 1 and 3 belong to Alice while Bob has particles 2 and 4. Since Alice knows the parameters α, β, γ and δ exactly, she can perform a measurement on particles 1 and 3 in the basis {|ϕ 13 , |ϕ ⊥ 13 , |ψ 13 , |ψ ⊥ 13 }. A simple algebraic rearrangement of the expression |ψ 12 ⊗ |ψ 34 in terms of the states |ϕ 13 , |ϕ ⊥ 13 , |ψ 13 , |ψ ⊥ 13 yields |ψ 12 ⊗ |ψ 34 = |ϕ 13 (acα|00 + adβ * |01 + bcγ|10 + bdδ * |11 ) 24 +|ϕ ⊥ 13 (−acδ|00 + adγ|01 − bcβ|10 + bdα|11 ) 24 +|ψ 13 (acγ|00 + adδ
Therefore, if the actual result of Alice's measurement on the two particles 1 and 3 is |ϕ ⊥ 13 with the probability |bdα| 2 + |bcβ| 2 + |adγ| 2 + |acδ| 2 then the state of particles 2 and 4 will be |ϕ 24 = (−acδ|00 + adγ|01 − bcβ|10 + bdα|11 ) 24 |bdα| 2 + |bcβ| 2 + |adγ| 2 + |acδ| 2 .
(13) When Bob is informed the actual measurement outcome |ϕ ⊥ 13 by Alice via a classical channel, he can get the original state described in Eq. (1) with certain probability.
Firstly, Bob operates a unitary operation
on particles 2 and 4. Obviously U 1 will transform the state |ϕ 24 into |ϕ ′ 24 = (bdα|00 + bcβ|01 + adγ|10 + acδ|11 ) 24 |bdα| 2 + |bcβ| 2 + |adγ| 2 + |acδ| 2 .
(15) Secondly, Bob introduces an auxiliary two-level particle a with the initial state |0 a and performs a collective unitary transformation 
on particles 2, 4 and a under the basis {|000 24a , |001 24a , |010 24a , |011 24a , |100 24a , |101 24a , |110 24a , |111 24a }, where
Since it has been assumed that |a| ≤ |b| and |c| ≤ |d|, so one has |ac| 2 ≤ |bd| 2 . The unitary transformation U 2 will transform |ϕ
Finally, Bob performs a measurement on auxiliary particle a in the basis {|0 a , |1 a }. If the result of his measurement is |1 a , then the remote preparation of the original state fails. If the measurement outcome |0 a occurs with probability |ac| 2 |bdα| 2 +|bcβ| 2 +|adγ| 2 +|acδ| 2 , then the remote preparation of a two-particle state |φ is successfully realized. Evidently, when actual measurement outcome |ϕ ⊥ 13 is obtained, the probability of successfully remote state preparation is (|bdα|
Similarly, by Eq. (12), if Alice's measurement result on particles 1 and 3 is |ψ ⊥ 13 with the probability |adα| 2 + |acβ| 2 + |bdγ| 2 + |bcδ| 2 , the state of particles 2 and 4 will become
(18) Now Bob operates the following unitary transformation
on particles 2 and 4. Hence the state shown in Eq.(18) was transformed into |ψ ′ 24 = (adα|00 + acβ|01 + bdγ|10 + bcδ|11 ) 24 |adα| 2 + |acβ| 2 + |bdγ| 2 + |bcδ| 2 .
(20) Next, Bob introduces an auxiliary particle a with the initial state |0 a and performs a unitary transformation 
on particles 2, 4 and a under the basis {|000 24a , |001 24a ,
It is straightforward to verify that the resulting state of of particles 2, 4 and a is
The above equation shows that Bob can construct a twoparticle state, which Alice wishes to prepare remotely, with certain probability by performing a measurement on auxiliary particle a in the basis {|0 a , |1 a }. If Bob's actual measurement result is |0 a , then remote state preparation is successful; otherwise remote state preparation fails. It is easy to prove that the successful probability of remote state preparation in this case is (|adα|
However, if the Alice's actual measurement outcome on particles 1 and 3 is |ϕ 13 (|ψ 13 ), Bob will obtain the state (acα|00 + adβ * |01 + bcγ|10 + bdδ * |11 ) 24 ((acγ|00 + adδ * |01 − bcα|10 − bdβ * |11 ) 24 ). Since Bob has no knowledge of these states, he can not unitary convert each of them into the original state, so remote state preparation fails. But, when α, β, γ and δ are real numbers, the situation is not the same. In this case Bob can prepare the state in every Alice's measurement outcome with certain probability. For saving space we omit the concrete steps for preparing.
Synthesizing two cases (the Alice's the actual measurement outcome is either |ϕ ⊥ 13 or |ψ ⊥ 13 ) the probability of the successful remote state preparation is 2|ac|
2 . If |a| = |b| = |c| = |d| = 1 √ 2
, namely, the quantum channel consists of two Einstein-Podolsky-Rosen pairs, the probability equals to 50%.
In summary, we have presented a scheme of the remote preparation of a two-particle state via two EinsteinPodolsky-Rosen pairs and two partial entangled twoparticle state, respectively. The two-particle state can be prepared probabilistically if the sender performs a measurement and the receiver introduces an appropriate unitary transformation with the aid of long-range EinsteinPodolsky-Rosen correlation and transmission of two bits of classical information. Furthermore we obtained the probability of the successful remote state preparation of the two-particle state.
